To investigate the relation between nocturnal decline in blood pressure and mortality, we obtained ambulatory blood pressures in 1542 residents aged 40 years or over of a rural Japanese community. Subjects were followed-up for a mean of 5.1 years and were then subdivided into four groups according to the percent decline in nocturnal blood pressure: 1) extreme dippers: percent decline in nocturnal blood pressure > 20% of the daytime blood pressure; 2) dippers: decline of > 10% but < 20%; 3) nondippers: decline of > 0% but < 10%; and 4) inverted dippers: no decline. The relationship between the decline in nocturnal blood pressure and mortality was examined by the Cox proportional hazards regression model adjusted for age, sex, smoking status, previous history of cardiovascular disease, and the use of antihypertensive medication. The mortality risk was highest in inverted dippers, followed by nondippers. There was no difference in mortality between extreme dippers and dippers. This relationship was observed for both treated and untreated subjects, was more pronounced for cardiovascular than for noncardiovascular mortality, and did not change after the data were adjusted for 24-h, daytime, and nighttime blood pressure levels. Am
S
ince noninvasive techniques for measuring ambulatory blood pressure (BP) have made it possible to monitor daytime and nighttime BP, 1,2 the importance of nighttime BP has been recognized. Most individuals exhibit a circadian BP variation, characterized by a decreased nighttime BP. 3 However, circadian BP variation is diminished in individuals with hypertension, 4 ,5 autonomic failure, 6 sleep apnea, 7 and endocrine disorders, 4, 8 and in some elderly individuals. 9 O'Brien characterized individuals with a normal circadian BP variation as ''dippers'' and those with a diminished nocturnal decline in BP as ''nondippers''. 10 Several cross-sectional studies have shown that target organ damage, such as left ventricular hypertrophy, [11] [12] [13] silent cerebrovascular disease, 14 vascular dementia, 15 and microalbuminuria 16 are more frequent in nondippers than in dippers. A longitudinal study also confirmed that the incidence of cardiovascular disease was higher in nondippers than in dippers among hypertensive subjects. 17 However, the relationship between the nocturnal decline in BP and mortality has not been investigated in the general population.
Two recent Japanese cross-sectional studies observed a nonlinear (U-shaped) relationship between the magnitude of the nocturnal decline in BP and the severity of silent cerebrovascular disease in elderly subjects and found that ''extreme dippers'' had severe silent cerebrovascular lesions. 18, 19 However, these findings have not been confirmed by prospective or large population-based studies.
We have been monitoring ambulatory BP and mortality in the general population of a rural Japanese community since 1987. 20 -23 In the present study, we prospectively investigated the relationship between the nocturnal decline in BP and mortality in this population to clarify the prognostic significance of extreme and diminished nocturnal declines in BP.
METHODS

Design
The present report is based on a longitudinal observation of subjects who have been participating in an ambulatory BP measurement project in Ohasama, Iwate Prefecture, Japan, since 1987. Ohasama, a rural community, had a total population of 8040 in 1991. The socioeconomic and demographic characteristics of this region have been previously described. 20 The most common cause of death among the residents of this town was cancer, followed by cerebrovascular and heart disease. 24 The standardized mortality ratios (SMR) for Ohasama (in relation to mortality in Japan as a whole) for the period from 1988 through 1994 were 1.19 for cerebrovascular disease, 1.02 for cancer, and 0.74 for heart disease.
The study protocol was approved by the Institutional Review Board of Tohoku University School of Medicine and by the Department of Health of the Ohasama Town Government.
Study Population
In 1987, we initiated ambulatory BP monitoring in residents aged 20 years and older in three of the four districts of Ohasama. In the present study, we investigated the association between the baseline percent decline in nocturnal BP and subsequent mortality. Therefore, we excluded subjects younger than 40 years because the mortality rate was low in these individuals. Of the 2716 individuals 40 years of age and older in these three regions (1242 men, mean age: 58.1 years and 1474 women, mean age: 60.1 years), 575 were excluded from the study because they worked outside of town (394 men, mean age: 52.4 years and 181 women, mean age: 49.8 years). This exclusion criterion was necessary because the public health nurses visited subjects to attach the ambulatory BP monitoring devices during the daytime on workdays (Monday through Friday). We also excluded hospitalized individuals (n ϭ 121) and demented or bedridden individuals (n ϭ 31). Thus, 1989 subjects (781 men, mean age: 62.1 years and 1208 women, mean age: 61.4 years), mainly farmers, housewives, and retirees, were eligible for the study. Of the eligible residents, 447 declined to participate for various reasons. Therefore, the study population consisted of 1542 individuals representing 78% of the total eligible population: 565 men (mean age: 62.5 years) and 977 women (mean age: 61.2 years). Informed consent was obtained from all subjects. There were no significant differences in the level of education between those who participated in the study and those who did not or in the SMR for the period from 1988 through 1994 for nonparticipants (0.80 for all-cause mortality). Thus, a selection bias seemed unlikely and the study subjects were considered to be representative of the general population of this community.
Ambulatory BP Well-trained public health nurses visited each participant on a weekday morning to attach the ambulatory BP monitoring device and to detach it the next morning. Participants were asked to keep a diary in which they recorded their daily activities, including the time at which they went to bed and when they got up. Ambulatory BP was monitored with the ABPM-630 (Nippon Colin, Komaki, Japan), a fully automatic device, 25 which was preset to measure BP every 30 min. Although the systolic BP (SBP) and the diastolic BP (DBP) were measured by both the cuff-oscillometric method and the microphone method, we used only data obtained by the cuff-oscillometric method for analysis. Because the circumference of the arm was less than 34 cm in most cases, we used a standard arm cuff for both BP measurements. Ambulatory BP monitoring devices used in the present study have been previously validated 25 and meet the criteria of the Association for the Advancement of Medical Instrumentation.
26
Ambulatory BP data were included in the analysis if the monitoring period included more than 8 waking h (daytime) and more than 4 h during the time the subject was in bed (nighttime). These periods were estimated from the subjects' diaries. If the 24-h ambulatory BP monitoring data was not complete, the 24-h average ambulatory BP was estimated as follows: 24-h average ambulatory BP ϭ (daytime average ϫ waking hours ϩ nighttime average ϫ sleeping hours)/24, where ''sleeping hours'' represents the time the subjects spent in bed (waking hours ϩ sleeping hours ϭ 24). The mean duration of monitoring was 22.3 Ϯ 2.3 h; the mean number of measurements was 44.6 Ϯ 4.7 (values are the mean Ϯ SD, n ϭ 1542). Artifactual readings during ambulatory BP monitoring were defined according to previously described criteria 27 and were omitted from analysis. The average 24-h, daytime, and nighttime values for ambulatory BP were calculated for each subject.
Classification of Decline in Nocturnal BP
The percent decline in nocturnal BP was calculated as follows for SBP and DBP: the percent decline in nocturnal BP (%) ϭ (daytime BP Ϫ nighttime BP) ϫ 100/daytime BP. Subjects were classified into groups based on the percent decline in their nocturnal BP as follows (Figure 1 ): inverted dippers: no nocturnal decline in SBP and DBP; nondippers: percent decline in nocturnal BP Ͻ 10% for both SBP and DBP, and Ն 0% for SBP or DBP; extreme dippers: percent decline in nocturnal BP Ն 20% for both SBP and DBP; dippers: the remaining subjects. These cut-off points were based on the results of the previous studies that investigated the relationship between the nocturnal decline in BP and cardiovascular complications (20%, 19 10%, 11,17 0% 13 ).
Analysis of Data
Residence in Ohasama as of June 30, 1996 was confirmed by the residents' registration cards. These cards in Japan are accurate and reliable because they are the basis for pensions and social security benefits. Death certificates were obtained from the Ohasama Health Department, and the cause of death was classified according to the recommendations of the World Health Organization (International Classification of Diseases, the Tenth Revision [ICD-10]), by which deaths are attributed to the underlying cause initiating the sequence of events leading to mortality.
The association between the nocturnal decline in BP and mortality was examined by the Kaplan- Meier life  table analysis 28 using SAS LIFETEST procedure 29 and by the Cox proportional hazards regression model 30 using SAS PHREG procedure. 29 We examined allcause mortality, mortality related to diseases of the circulatory system (ICD-10 code: ''I'') and mortality related to diseases other than diseases of the circulatory system. Mortality related to diseases of the circulatory system is referred to as ''cardiovascular mortality''; mortality related to other diseases is referred to as ''noncardiovascular mortality.'' The diagnosis of cerebrovascular disease (ICD-10 code: ''I6'') was accurate because most of the stroke victims were admitted to Ohasama Hospital, where computed tomography and magnetic resonance imaging of the brain are available for diagnosis and treatment. The dependent variable in these analyses was the number of days from the date of ambulatory BP monitoring to the date of death or censoring. Survivors were censored as of June 30, 1996 . When examining cardiovascular mortality, we treated death due to noncardiovascular disease as censoring, and vice versa. The independent variables were the percent decline in nocturnal BP, age, sex, smoking status, previous history of cardiovascular disease, and the use of antihypertensive medication. Age at the baseline was included as continuous variable. The information on the smoking status, which were categorized as current or ex-smokers or nonsmokers, was obtained from questionnaires sent to each household at the time of ambulatory BP measurements. Information on the previous history of cardiovascular disease and the use of antihypertensive medication was obtained both from questionnaires and from the medical records at Ohasama Hospital, which is the only hospital in the 
FIGURE 1. Categorization of subjects according to the nocturnal declines in systolic blood pressure (SBP) and diastolic blood pressure (DBP). ED, extreme dippers; D, dippers; ND, nondippers; IND, inverted dippers.
town and is where more than 90% of the subjects go for regular check-ups. The estimated relative hazard (RH) and the 95% confidence interval (95% CI) for variables were derived from the coefficient and its standard error as determined by the Cox proportional hazards model. In all analyses, we treated dippers as the reference category. A P Ͻ .05 was accepted as indicating statistical significance.
RESULTS
There were 93 deaths (6.0%), identified by the residents' registration cards, as of June 30, 1996. Nine subjects (0.6%) had moved away and were lost to follow-up. The mean duration of follow-up was 5.1 years (SD: 2.0, range: 0.01 to 8.1). The leading cause of death was cancer (26 deaths, 28%), followed by cerebrovascular disease (24 deaths, 26%) and heart disease (13 deaths, 13%). Table 1 summarizes the numbers of subjects and deaths for each variables.
Inverted dippers were older and had the higher proportions of males, current or ex-smokers, and those with a previous history of cardiovascular disease (Table 2). The 24-h BP did not differ significantly among groups. The daytime BP and the nighttime BP were significantly different among groups; inverted dippers had the lowest daytime BP and the highest nighttime BP.
Kaplan-Meier survival curves showed a significant difference among groups; inverted dippers had the poorest survival (Figure 2) .
The risk of overall mortality was highest in inverted dippers (RH ϭ 2.12, P ϭ .02), followed by nondippers (RH ϭ 1.35, P ϭ .27) (Figure 3 ). This increased mortality risk was apparent for cardiovascular mortality (inverted dippers: RH ϭ 3.69, P ϭ .004; nondippers: RH ϭ 2.56, P ϭ .02), but not for noncardiovascular mortality (inverted dippers: RH ϭ 1.31, P ϭ .57; nondippers: RH ϭ 0.83, P ϭ .64). The mortality risk did not differ significantly between extreme dippers and dippers (extreme dippers: overall mortality: RH ϭ 0.65, P ϭ .29; cardiovascular mortality: RH ϭ 0.96, P ϭ .95; noncardiovascular mortality: RH ϭ 0.53, P ϭ .23).
The daytime and nighttime BP levels differed significantly among groups. Thus, it is possible that the relationship between the nocturnal decline in BP and mortality was confounded by the association between BP levels and mortality. To exclude the effect of BP levels, we adjusted the data for 24-h, daytime, and nighttime BP levels (Table 3) . Although the RHs in inverted dippers and nondippers increased after data were adjusted for the daytime BP and decreased after the adjustment for the nighttime BP, the relationship between mortality and the nocturnal decline BP did not change and the risk in inverted dippers and nondippers remained significantly higher than in dippers. The RH did not differ between dippers and extreme dippers but differed between dippers and inverted dippers and nondippers for both treated and untreated subjects (treated subjects: inverted dippers: RH ϭ 2.80, P ϭ .10; nondippers: RH ϭ 2.10, P ϭ .19; extreme dippers: RH ϭ 1.31, P ϭ .73; untreated subjects: inverted dippers: RH ϭ 3.88, P ϭ .05; nondippers: RH ϭ 2.67, P ϭ .09; extreme dippers: RH ϭ 0.65, P ϭ .69). These results suggest that the relationship between the nocturnal BP decline and mortality was not affected by the use of antihypertensive medication.
DISCUSSION
The present study was based on a longitudinal observation of a representative sample of the general population in a rural Japanese community. The mortality risk was highest in inverted dippers, followed by nondippers. There was no difference in the mortality risk between extreme dippers and dippers. This relationship was more pronounced for cardiovascular mortality than for noncardiovascular mortality and did not change after data were adjusted for age, sex, smoking status, previous history of cardiovascular disease, the use of antihypertensive medication, and the 24-h, daytime, and nighttime BPs. It was valid for both treated and untreated subjects.
Risk in Nondippers
Previous cross-sectional studies have demonstrated that target organ damage is more frequent in nondippers than in dippers. [11] [12] [13] [14] [15] [16] A prospective study also showed that the rate of cardiovascular morbidity was significantly increased in nondippers than in dippers among subjects with mild to moderate hypertension. 17 In the present study, a diminished nocturnal BP decline was associated with an increased mortality risk, which is consistent with the results of these previous studies. However, previous studies did not compare the effects of ''diminished'' and ''inverted'' nocturnal declines in BP in relation to the severity of target organ damage or the prediction of morbidity and mortality. In previous studies, the term ''nondippers'' was based on single cut-off point. The present study demonstrated that the mortality risk was increased in ''inverted dippers'' (whose nocturnal decline in BP was inverted) compared with ''nondippers'' (whose nocturnal decline in BP was diminished but not inverted).
Risk in Extreme Dippers
Kario et al reported that there was U-shaped relationship between the magnitude of the nocturnal BP reduction and the severity of silent cerebrovascular disease in untreated elderly hypertensive subjects: extreme dippers (those with a Ͼ 20% decline in the nocturnal BP) and nondippers had severe silent cerebrovascular lesions. 19 We also found that silent cerebrovascular lesions were more common in dippers than in nondippers in a representative sample of the elderly population in previous communitybased studies. 18, 33 Furthermore, the risk of an excessive nocturnal decline in BP due to the use of antihypertensive medication for stroke has also been of concern. Nakamura et al reported that the stroke recurrence was higher in dippers than in nondippers among patients receiving antihypertensive medication. 31 In a preliminary study, we also found that the incidence of primary stroke was more frequent in dippers than in nondippers among treated hypertensive subjects. 32 These results suggest that an extreme nocturnal decline in BP affects the prognosis. However, in the present study, the mortality risk in extreme dippers did not differ from that in dippers for both treated and untreated subjects.
The difference between the present and the previous studies may be related, in part, to the difference in end points (cerebrovascular disease or mortality) or the study design (cross-sectional or prospective). However, even though we prospectively evaluated the same population, there was a difference between the incidence of primary stroke and mortality rate in relation to the nocturnal decline in BP. If our findings are valid, then a certain number of nondippers or inverted dippers must have previously been extreme dippers. Although we do not have direct evidence of this, the results of previous studies support this hypothesis. Previous studies have suggested that the presence of cerebrovascular disease indicates a decrease in the cerebral circulation 34, 35 and demonstrated that an extreme dipper became a nondipper after lacunar infarction. 36 These results suggest that a diminished or inverted nocturnal decline in BP may result from cerebrovascular damage. Thus, it is possible that a certain number of extreme dippers converted to a nondipper or an inverted nondipper pattern after cerebrovascular event in an effort to preserve cerebral blood flow during sleep. We are continuing to monitor subjects and to investigate changes in the nocturnal decline in BP before and after cerebrovascular events to examine this hypothesis.
